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C'uo  to  +  tie  extreme  demands  now  placed  on  the  primary  lifting  surfaces  of 
aircraft  In  the  landing  configuration,  considerable  emphasis  is  directed  toward 
efficient  ufiieerion  of  wing  pianform  so  that  the  maximum  lift  will  enable 
sufficiently  low  landing  speeds.  The  high  wing  loading  demanded  by  drag 
considerations  at  the  higher  velocities  has  forced  the  designer  to  Investigate 
the  possibl I  it ies  of  many  new  means  of  lift  augmentation.  If  we  consider  a 
"conventional"  aircraft  configuration,  that  is,  an  aircraft  having  a  lifting 
surface  of  moderate  aspect  ratio,  horizontal  and  vertical  stabilizer,  and  no 
lift  contributions  from  the  tiirusl  of  the  engine  or  h’s  slipstream,  it  is  clear 
that  there  are  two  general  groups  of  devices  wh  ich  increase  the  maximum  lift 
coefficient  of  a  wing  of  given  plahform; 

I)  Those  w'  icli  alter  tr.e  effective  angle  of  attack  ot  the  wing,  such  as 
common  ‘laps,  as  well  as  the  more  recent  jet  flap; 

/)  Those  which  delay  the  separation  of  the  flow  from  the  upper  rear 
surface  of  tha  wing,  such  as  drooped  leading  edges,  leading  edge 
slats,  arid  boundary  layer  suction  and  blowing. 

Neglecting  weight  and  structural  (as  well  as  power)  penalties,  these  devices 
may  be  employed  as  required  as  long  as  the  more  stringent  rlemnnds  ot  stablll+y 
and  control  can  be  met.  Usually  this  will  mean  the  utilization  ot  a  large 
portion  of  the  wing  trailing  edge  for  the  aileron,  with  the  result  that  most 
ufforts  toward  higher  maximum  lift  coefficients  have  begun  with  the  reducing  of 
aileron  span  to  a  minimum,  or-  Jolng  away  with  it  entirely  and  employing  one  of 
the  many  types  of  spoiler  configurations.  Since  the  use  ot  the  latter  type  of 
control  exposos  the  entire  wing  span  tc  hlgn  lift  devices,  this  report  will  deal 


with  the  advantages  to  be  gained  by  the  use  of  spoiler  type  controls,  from  the 
standpoint  of  improved  low  speed  performance.  In  particular,  the  relative 
merits  of  a  comparat  I  vel  y  new  type  of  spoiler  ai  e  presented. 

Recent  tests  of  an  air  jet  spoiler  (Refs.  2  and  3)  have  shown  tnei  control 
character i st ics  similar  to  that  of  conventional  spo:lers  can  be  obtained  with 
relatively  low  volume  flow  requirements.  Since  this  device  offers  some 
improvements  over  mechanical  spoilers,  t-  critical  examination  of  Its 
practicability  is  quite  pertinent  to  this  study;  and  since  tl u  use  of  auxiliary 
power  for  boundary  layer  control  is  of  current  interest,  the  possibility  of  art 
integrated  jet  rontrol  -  BLC  system  must  be  examined.  Several  character  istlcs 
oi  these  controls  will  be  dealt  with: 

1)  The  effectiveness  of  the  control  over  tie  angle  of  attack  range  and 
velocity  range  for  which  it  is  to  be  used,  including  the  response 
char  acter  i  st  ics, 

2)  The  high  lift  devices  which  becemw;  practical  from  its  use,  and, 

3)  The  weight  and  uowc-i  penalties  involved,  as  well  as  the  mechanical 
complexity  of  the  arrangement . 

In  evaluating  the  improved  lo»  speed  performance  obtainable  by  these  devices, 
emphasis  is  placed,  within  the  framework  of  this  study,  on  opl imirai  ion  of  the 
maximum  lift  coefficient  of  the  al  "craft.  A  more  detailed  analysis  must  involve 
drag  increments  which  arise,  and  their  effect  upon  power  requirements  at  low 
speeds.  Calculations  are  carried  out  for  the  L-21  aircraft  (PA  18),  ari  Army 
iio&on  piane,  Dut  are  applicable  to  aircraft  having  much  higher  wing  loadings 
(where  the  maximum  lift  coefficient  has  a  more  appreciable  effecl  upon  landing 
speed).  A  layout  of  this  aircraft  is  given  in  Figure  3. 
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II .  Discussion 

a .  Control  characteristics  of  conventional  and  air  let  spoilers 

Figures  I  and  7  show  typical  variation  of  rolling  moment  coefficients 
for  several  types  of  mechanical  spoilers.  It  is  obvious  that  the  non-linearity 
in  tne  action  of  these  spoilers  will  be  highly  undesirable  during  fhe  landing 
maneuver.  The  effectiveness  of  the  spoiler  will  usually  increase  as  It  is 
moved  rearward,  and  as  the  angle  of  attack  is  increased,  thougi.  there  Is  a 
si  igfit  .'all -off  at  frig,  angles  of  attack.  The  yawing  moment  is  in  most  cases 
favorable.  Of  interest  here  is  the  considerable  aerodynamic  time  lag  In  the 
action  of  these  devices,  from  . I  to  I  second,  approximately,  depending  on  the 
particular  desiqn  (Rei.  17).  The  air  jet  controls  shown  in  Fig.  3  are  invariant 
with  angle  of  attack  jp  to  12°  (Ref.  2),  and  display  no  i nef f eel  I veriess  near 
t tie  origin.  The  abscissa  In  this  case  is  the  non-dimensional Ized  momentum  flux 
of  tire  Jot,  C  u_  ,  which  is  related  to  the  power  requirement  of  the  jet  spoiler 
and  Is  dealt  with  below.  The  effectiveness  of  a  spoiler  is  roughly  proportional 
to  Its  span  provided  it  represents  a  small  traction  of  the  wing  span.  It  Is 
usually  found  that  the  rolling  moment  coefficient  Increases  with  the  deflection 
of  o  flap  situated  behind  the  spoiler,  although  the  Increase  will  usually 
diminish  with  increasing  angle  of  attack. 

The  references  cited  show  that,  in  most  cases,  adequate  lateral  control  can 
be  maintained  for  aircra*  having  full  span  flaps  by  the  use  of  a  spoiler-type 
device,  although  its  exact  design  must  be  carefully  fitted  to  the  particular 
wing.  The  problem  of  non-linear  response  to  Control  deflection  appears  to  be 
greatly  alleviated  oy  the  use  of  an  airjet  spoiler,  but  the  aerodynamic  lag 
for  this  type  of  spoiler  may  not  be  any  less  than  for  the  mechanical  spoiler. 
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As  far  as  is  known  this  nas  not  been  measured.  The  effectiveness  of  these  devices 
can  oe  expected  fo  be  increased  by  any  device  wnich  delays  the  stalling  of  the 
wlr.g  by  energizing  the  flow  near  its  surface. 

b.  Use  of  nigh  lift  devices  in  conjunction  wjth  a  suoiler 

If  the  aileron  of  a  conventional  aircraft  is  replaced  by  an  upper  surface 
spoiler,  the  ori  I  y  pract  lea  1  high  lift  device  which  Is  subsequently  available  Is 
a  conventional  flap  In  place  of  the  aileron.  Since  this  will  be  near  the  tip  of 
the  wing,  ,  the  increase  In  the  angle  of  zero  lift  of  the  winy,  will 

be  smaller  than  for  on  equivalent  flap  near  tne  root.  This  Increase  can  be 
predicted  with  sufficient  accuracy  by  the  methods  o*  Ref.  8.  The  use  of  tip  plates 
to  suppress  further  spanwlse  flow  will  increase  considerably  the  contribution 
from  the  tip  flap,  provided  stalling  of  the  roo+  region  Is  artificially  Induced 
before  tr#  angle  of  attack  exceeds  the  value  necessary  tc  cause  local  separation 
at  tne  tips. 

The  above  modifications  are  common  to  any  wing  having  spoiler  type  controls. 
Associated  with  the  Jet  spoiler,  however,  we  have  a  weight  penalty  ,  and 

a  maximum  power  requirement  .  He  assume  that  the  spoiler  momentum 

coefficient  has  a  maxi«>.>!i  value  wnich  Is  dictated  by  the  C 

the  coefficient  of  da.T-.plng  In  roll,  and  the  required 

maximum  wing  tip  helix  angle  In  steady  roll.  For  aircraft  In  the  VTOL  end  STOL 
class,  the  momentum  flux  Itself  may  giv«i  an  important  contribution  to  th#  rolling 
moment  at  low  forward  flight  speeds,  and  would  hence  Influence  the  value  o* 


C,fXm  .  If.  for  this  spoiler  cont  igurat  ion,  tne  fiow  issues  from  an  upper 
surface  slot  having  length  /s  and  width  Sj  ,  tne  C^.,  for  any  jet  spoiler  slgt 
having  length  and  width  S  Is  given  by 
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wher  i* 


-T  S  *  ^ 

jt0  v}  c 


<Sj 


,  and  c  is  a  mea a  cho**d  over  the  poetic**  of 


tt'e  wing  covered  by  the  spoller  (see  F  igur  e  3).  He  have  assumed  the  slot  velocity 

■*o  he  dependent  only  upon  the  r«se^  voi  r  pressure  o*  the  jet  system,  an  assumption 

valid  only  for  i  of  go  contract  Ion  i  at  ios  in  the  jet  system.  The  pcssibility  o ♦ 

using  G^i  i o-  boundary  layer  control  will  depend  upon  the  merit  ot  a  system 

which  »<  i  1  1  control  air  to  tno  BLC  slot  and  the  spo’ler  clot  in  such  c  way  that 

the  volume  f  1q*  rates  to  tne  spoiler  and  the  PounJar  y  Jny©i  control  jet  ore  co- 

or  dinated  in  a  *av  u>mr«'imir  .jtt*  with  tn©  desl'ed  handling  qualities.  Since  flight 

at  low  velocities,  especially  during  I  angina,  i  s  i  a*  ar  does  if  the  use  o*  flight 

controls  ot<ev.ts  the  net  lift  o*  the  wing,  it  yould  La  most  desiraDle  to  utilize 

the  BLC  portion  of  *h©  «» ng  to  count©?  the  lilt  lo*.s  associated  with  the  spoiler. 

One  possible  system  (f  Ig.  4).  would  involve  ir. erasing  the  BLC  and  spoiler  Jet 

volume  flow  roles  sinuManeoualy  ii.  *jch  e  way  that  y&Ci  ^  &G.  i  _  fo?" 

w 5  w ouc 

any  ■_^v>  *  This  approach  involves  oowe**  penalties  greater  than  that  required 

by  the  speile*  ulcn.'».  11  BLC  Is  operated  continuously  at  a  level  g^C©  * 

then  t>>e  total  j,  is  qiven  by 

/*  * 

Cr0T»i.^a^  ~  ^euc.  +  ^ 

•'•■ere  K  is  related  to  the  functional  dependence  of  Z\G-  ^  ,  tno  lift 

increment  associated  with  increase  in  boundary  layer  air  flowing  aoove  the  level 
OLC  ,  upon  ,  the  lift  decrement  due  to  the  spoiler.  i* 

o' der  that  the  net  change  in  lift  be  zero.  5ince  *he  di  » terent  ;al  BLC  blowing 
may  con*fibu+e  appreciable  rolling  moment  in  special  cases,  this  system  m^y 
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allo-f  reduction  o*  C,,.. 

r*'*  rv\ 

The  above  arguments  suggest  that  the  major  advantage  of  the  air  jet  spoiler 
a-i  compared  to  the  jit  or  conventional  poller  designs  on  hi.jt,  J!:t  u;,ir3f1 
f  r  rvr.  i  t  q  .1-0  in  ,t.,.  :  -w.  _  _  .  *  .  .  .  - 

- -  ••  j ‘  ^  »->'■*«:  *•  * y*  i  i 'i  cevices  i^vo'viny 

t)  I  o«  i  ng  0-  suction,  sne  secenjar  ily  t  rom  f'-e  indication:,  that  its  control 
response  is  more  favorable.  Kith  tMr  in  mind  some  preliminary  calculations  on 
tte  l-.il  aircraft  are  car  .  ied  out  belo.  lor  po»e  -  equ  i  r  e.ment  s,  .eight  penalties, 
trim  changes,  and  pe-  fo-  -ance  cr  a  liLu-t>  lo.  ing- jet  spoiler  combination. 
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m.  Calculations  ip.-  L-r.‘l  Airplane 

D I  men  .ions  ana  orthographic  projections  cf  this  aircraft  are  given  In 
F  Igure  r>.  FroT  this  drawing  tne  following  datn  is  obtained: 

4^  ■  t.9/ 
b  -  y.' .  /  .  t . 

S  *  I  78.  b  sq .  rt. 

c  •  63  Inches  (mean  aerodynamic  chord) 

Cf  «  ..54  (flap  and  aileron) 

HI  -  1700  Ibv,  (.  people  and  max  imam  fuel  load) 

a.  Effect  of  fall  span  flans  on  the  maximum  lift  coefficient 

From  Reference  t,  the  section  I  ift  slope  of  the  USA  3b-B  is  given  as 
.099  per  degree.  It  is  assumed,  In  the  absence  of  any  experimental  aate,  that 
the  lift  slope  of  the  modified  3b-8  airfoil  (upper  ordinates  incr eased  4j)  is 
also  .099.  Tne  iitt  slope  o'  t.ie  l  I  wing  is  then  given  by 

Q,  -(■  qft 7«t\  C'QW) _  =..0775  (flap  undeflectod) 


We  are  considering  landing  speeds  in  the  vicinity  of  bO  tps,  and  therefore 
examine  the  CLmax  a*  0  Ffeynoids  Number  oi  dbou*  '.o6  *  I0b  based  on  wing  chord. 
From  Reference  Z,  aerodynamic  data  taken  at  a  Reynolds  number  or  I  x  10^ 
indicate  that  root  stalling  will  begin  at  an  angle  of  attack  of  16°,  and  that 
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,  the  angle  of  zero  lift,  flaps  u.n  de  f  I  ected.  Is  -4''.  yielding 


a  maximum  lift  coefficient  of  for  power-off  flight. 

The  following  ta^|e  gives  typical  section  li*t  increments  for  slotted  flaps 
de f i ec ted  40° : 
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acl 

Refer  ence 

M.C 

1  ,8b 

1  ! 

.  2  b6b 

1  .40 

8 

.20 

*  . 

1 

25c 

1  .3b 

, 

.30c 

A  yfll u©  0< 
The  change 

,09-b/2  t0 


1.30  is  used  here  as  typical  tor  a  slotved  flap  having  cf/c.  •  .-34. 
in  Oc  tor  the  u-21  wing  having  a  slotted  Map  extending  frcyn 
.875-1/2  »s  given  by  (Re*erence  8). 


^c<  «  -(9.35)  (  !  .  S)  *  -10.3b 

o  V. 

Tbe  incroment  in  lift  coefficient  due  to  the  flap  cle' lect  Ion  is  .84.’.  In 
Reference  2  the  stalling  angle  «as  found  to  decrease  about  2°  for  a  partial 
span  with  flaps  deflected  40°.  If  a  value  o<  - (°  is  used  'or  full  span  'laps, 
the  maximum  lift  coe'ticient  becomes 

ACLmQ>J  ^  (full  span)  ,  (,7.8b)  ( ,077b)  *  2.1b 

and  the  net  increase  in  C,  is  .61. 

cmax 

b .  Effect  of  bo.jf.aarv  layer  blowing  ova. _ LafaagJ-d  LLflfl 

The  var i at  ion  in  AC,  (due  to  BLC  over  a  plain  flap)  vs.  C-_  „ 

w  ecc  “BLC 

tor  Sf  -  -10°  Is  given  in  Figure  The  eLc  f°r  *h®  Inboard 

flap  contribution  takes  on  its  theoretical  value  was  obtained  from  the 

correlated  data  presented  in  Reference  4.  The  section  lift  increment  at  the 

inboard  flap  is  then  increased  by  .98,  causing  the  Ok  c  (_  o*  the  wing  to  shift 

-3.43°.  The  variation  of  £kC.i  _  »|th  C .,  is  taken  to  be  I  inear 

up  to  ei_j~  *  .03  (this  is  accurate  in  mos*  instances  lor  rf  f  <40°,  and 

is  assumed  to  be  valid  here).  For  Ci,  S  .03,  AC  i  continues  to 

r*  Bcc  S  l  0lc 


9 


inert  aso,  due  to  "chord  oxter,  s  i  on" ,  b«j  t  at  a  much  slower  rote,  A  probable 

variation  is  indicated  by  the  dasned  line.  It  is  assumed  that  the  system 

doscr  :  bod  here  Mill  be  operated  at  a  O/a.  less  than  .05.  The  stalling 

angle  cf  attack  of  15°  lor  BLC  off  is  retolned  for  BLC  on,  although  the 

valid  if-/  of  this  assumption  *  I  I  I  depend  upon  the  stalling  characteristics  of 

the  particular  section  under  con3  I  dor  at  Ion  . 

f  rom  the  st  ud  ies  of  the  max  imum  I  i  ft  coe  f  f  ic  lent  ot  I  l  ghl  planes  with  BLC 

equipment  ^iven  in  Reference  b,  it  appeals  that 

Ci  (po»<er  on) 

ma* 

-  *  1,6  for  '‘he  range  of  i  icp  deflections 

Ci  (power  off) 

Lnc> 

under  cons  i  Our  c  t  ;  T.'e  eried  of  power  is  "hen  to  suppress  separation  of  the 

i'boord  wing  panel,  as  is  shewn  In  Figure  6.  Due  to  the  lower  power  ioading 

ot  t'e  L-2l,  as  compared  with  that  of  Reference  b,  the  power  effect  is  estimated 

at  1.3,  giving  c  na«  imun  lift  coefficient  uf  5.16  with  £r  »  40°,  Co 

r  r 

-  .05. 

c  •  Punar  i.rtkiaarfl*  ion;* 

As  the  spoiler  Jet  and  blowing  flap  are  *ed  by  the  same  power  source, 

the  power  requirements  will  be  based  upo«»  the  maximum  flow  that  might  be 

pu 

required  during  normal  tl  ig.ht,  Me  assume  a  design  — \ —  of  .07.  Reference 

<iV 

10  gives  the  C-i  m  of  ths  L-2i  as  .53,  which  demands  a  Cxc^  of  ,135, 

r  X  ^  *r»cx  1 c 

Since  it  Is  desirable  to  have  the  net  Jiff  of  the  wing  remain  constant  with 
^application  of  trie  spoiler,  the  following  system  will  be  adopted: 

(1)  BLC  operates  continuously  at  a  level  0uc 

(2)  Variable  width  jets  are  used  to  vary  for  Jet  and  blowing  flaps,  and 


10. 


<i)  The  net  lilt  is  unchanged  with  apollrafior  -1  a  spoiler  jet;  that  is, 

right  wing  spoiling  is  accompanied  by  increase  in  on  left  wings. 

Considering  the  last  specification,  «e  have,  foi  two  Hap  parels,  ACi_  •  8.87 


/\r 

h  &X. 


:-f  ths  !  into  i  variation  assumed.  * I  so 


=  -illia  =  -w(  375)_  r  _  ?22 


required  to  satisfy  condition  O)  above  is  therefor*  given  by: 

/  ®sC  rr\at. 


_ TTatc  —  C.,  -t- ,  I  S8Ci| , _ 

a  *r  tc  »cc^  r'd  may 


A  force  of  1/2  A.C  u  "ill  act  at  a  moment  arm  roughly  1/4  that  of  the 

spoiler,  so  that  i/4  o*  the  contribution  to  will  corns  from  the  flap.  Hsnce 


C,  =  <JZ*L.  Cus  =  .°37l  and  for  (-2^ 

‘rnojc  ^<5}  ~S*o>c  \,4V/r 


■at  .07 


'b^'-*  msi 


b1  ®cC  jy.cvjt 


t  ,0 1  b 


Me  let  ^-/o.  5cj_  m  i.  m  (halving  the  forme:  contribution  of  U»C  to  the  angle 


of  zero  lift)  so  that 


r . 

~'tx  dLC  may 


-  .030 


*n«n  dealing  with  pcwei  <  egu  iremeni  s,  a  velum*  f  iow  coefficient  Is  useful. 


Set  ineo  by 


CQ  a  ± 

V,5 


,  5  is  the  affected  ting  area 


-<W  m  ^ 


V. 


v. 


He  find  that 


T fie  total  volume  flow  required  is  given  by 


r - 

—  Sir 


C^-r  * 

cD-nor*c 

Av  1 

<• 

1  ,,  7  "cC 

~VoT-' 

■  s«  1 

i  'A  8L'-  V'c 

■  - 

=  V  2c 

fc..  " 

1  i-V-cx 

*  iv'  Ai_ 

o 

j  ^ouc  Vblc 
\ 

*J 

Me  assume  that  Vy|_('  “  ^  V  AF"  ,  where  C  is  a  constant  dependent  on  slot 

design  and  assumed  the  same  for  both  slots,  and  AP  Is  the  pressure 
differential  across  the  slots  assumed  to  be  the  same  for  spoiler  and  flap.  The 
required  volume  flow  is  given  by 


V/c  b 


QtotAL  PEs'D  =  103)  (,042b)  +  (.0M(.,89^]  -  *liL%T%F 


No*,  Vq  •  841 


W 


XCU 

reduced  vo,uw  yl  A V 


ft‘/'sec.,  aid  for  a  design  Cl  x  of  2.98  (now  using  the 


'-BLC, 


Q— (ft*.') _ YV  3  3Z  ——r,  ^t’Aec 

M-sta.Kwc  3iv(2_9aj  CITaF  cfT&  ' 


the  air  ■io''sopo«er  required  to  carry  this  volume  of  air  through  the  pressure 

apq 

differential  AP  is  - — 

530 


.  .Qfifr4  Hap  v-i  i-p 


As  a  po«er  supply,  the  hydraulic  system  described  In  Reference  b  will  be 
used  In  the  calculation  o<  required  f  low  quantity  and  duct  pressure.  This  system 
utilises  a  high  efficiency  hydraulic  pump  and  axial  floe  fans  capable  of  8,5  air 
horsepower.  The  probable  weight  penalty  when  installed  on  the  L-21,  including 
structual  ■modification,  Is  approx  imate  I  y  JOO  lbs.  A  possible  reduction  of  full 
throttle  power  of  I  of  can  be  expected.  Taking  minimum  volume  f  !o=r  of  40  ft^/ssc. 
(corresponding  to  slot  widths  of  ,004c)  and  C  =  X)  ft'u'sec.  lb. 


12. 


£\B  ,  f(3  S’)  (toco)  )* 

QoXAO)  J 


»  uy  t f 


Tne  air  horsepower  required  «e  I  I  »itni->  that  avaHcbie  atte» 

internal  losse-*. 

Assuming  C3LC  is  Qlt ,  one  that  pair  horsepower  arc  available,  th©  maximum 
Pc/^v  that  car.  be  developed  at  ahy  airspeed,  V0,  will  be  calculates.  Here  a 


*  Ac 

Q  TOTAL 


of  1 , is  needed,  so  that 


fcCQO 


QOS 74  V*Cb 

c  \Tap 


.34, 1  V/ 

c.'/ZiP 


BI.  ■  bbO 


(  &P) 


1 1  a  nw  imjT  voIj."*;  tlo»  of  40  ft  '/sec  is  ailo»e<-< 


APmoj  -  f/fi.d  It-...,  if 


«rui  Ihe  max  irru.T  V0  for  «hi<-.  a  Jj/.'v  of  .0'  caa  be  c*?velor,eO  is 

105  fps 


|  2  *» 

(40)  (x»  (pH.ej  -  . 


Fc^  Vq  ^  105  fas 


,9f.| 

N,  -  ^ 
W  yo 


US), 


.  Tnese  results  a»  e  given  in  f  i  yur  a  d. 


13. 


From  Preference  8,  the  conditions  for  longitudinal  trim  require  that 

A_  t-  At  (Af ..  t  -  At')  Vy^  =  o 

Ass1  mlng  .•  •  .03,  ,  «  0,  Sf  -40°  (full  Span) . 

^  — -  o  ' 

AC/*j_  "  ~-'J' 

AC  l  =1.1!  (power  of  f ) 

Y«.  - 

y>  ■  .8  (assumed) 

(t* 

V  -  .  300 

O  •  ,0b9  approximately 

~r  -  .34 

1  fiur e tor  e  I  .  I  I  Xcg  -  . '  >  -  .  CL02  (  /»((  t  —  /A  fe.  )  ■  0 


No 


7_'  away  from  ground  effect,  anc  we  assume 

dCL  dCu 

during  landing.  (he  conirol  deflections  required  during  landing  to  overcome 


2.86 


tfo  moments  associated  wifr-  t'.e  flop,  anq  ULC  are  then 


A'-f-r  340'c  -  SO  - t-S  *o/ -  2- 

Placing  the  eg  at  JOjfc  (Hel.  h)  , 

ZW  -  —  .  aw»  —  -  1 1  50 

which  net  inns  tne  ™>  Inijw  control  de*lectlo!’S  over  and  ahr>v»  that  required  Dv 
the  unmodified  aircraft  (  5-t  0°)  during  landing. 
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ASSUMED  'VARIATION  OFACL..f  VMlTH  C.u. 
FOR  BLOWING  OVC.R  INBOARD  FLAP 
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